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the information related to several characters of agronomic interest with the genetic properties of the evaluated population. With the selection indices, numerical values are created, which function as an additional theoretical characteristic, resulting from the combination of certain characteristics selected by the breeder, on which one wishes to maintain simultaneous selection [9] . Different indices represent different selection alternatives in breeding programs, and consequently different percentage gains.
There are several options for selection indices in the literature.
The first index was proposed by Smith [10] and Hazel [11] , it is a parametric index in which the matrices of genotypic and phenotypic variance and covariance are used, also counting on the ability of the breeder to define the economic weights for each character.
Another index based on genetic parameters was proposed by
Pesek and Baker [12] , named "desired genetic gains" of individual characters. This index was proposed without the need to assign relative economic weights in the calculation of the selection indices.
The obtained index will result in a maximum gain for each character, according to the relative importance assumed by the breeder in the definition of the desired gain, with the limitation imposed by the phenotypic and genotypic constitution of the population.
There are non-parametric indices where there is no need to use the variance and covariance matrices to obtain the selection indices.
The index proposed by Elston [13] can be applied both in the initial and final stages of breeding program, for it allows the establishment of critical values, below which the genotypes are discarded. The multiplicative index makes it possible to select approximately the same genotypes as the linear index would, with the advantage of dismissing the assignment of weights to the characters and estimates of variances and covariates, which makes its application easier, in relation to the linear or parametric indices [14] .
Another non-parametric index, the rank sum, proposed by Mulamba and Mock [15] , consists in classifying the genotypes in relation to each of the characters, in order favorable to breeding (ranks), by assigning higher absolute values to those of better performance. Then, the values assigned to each character are summed to obtain the rank sum that shows the classification of the genotypes [8] .
The genotype-ideotype index [16] , non-parametric, is obtained from the adjusted phenotypic means and the Euclidean distances of each individual to an ideal genotype. These indices are later standardized and weighted by the weights assigned to each character. It is also possible to define optimal values as well as the ideal minimum value for selecting each character.
Using these tools and with the aim of selecting the most promising genotypes to be used in crossing blocks or even with cultivars, aiming at genotypes with characteristics of high yield, industrial quality and with agronomic benefits to the farmer, the objective of this work was to compare the Combined Selection performed by the breeder with the gains and selection coincidence of each index used in the different environments.
Material and Methods
The selection was based on five experiments, conducted for three years and in two sites under irrigation in Distrito Federal. with the weight-free and parameter-free index of Elston [13] , se-lecting only genotypes with more than 70% for KP and less than 30% for LOD, in at least 3 of the 5 trials.
The Combined Selection was compared with four classic selection indices in each environment: Weight-free and Parameter-free index [13] , Desired Genetic Gain index [12] , Rank Sum [15] , and
Genotype-Ideotype Distance index [16] .
For the weight-free and parameter-free index of Elston, values were standardized so that at least 21 genotypes were selected in each trial. For estimated grain yield, genotypes above 4,000 kg.ha-1
were selected, with kernel plumpness (>2,5 mm) higher than 64%
and with lodging degree below de 77%.
In the Pesek and Baker Index, gains were defined based on the genotypic standard deviation. For the Yield character, due to its greater importance, it was attributed double the genotypic standard deviation. The desired gain for the KP and LOD characters was the genotypic standard deviation.
The Mulamba and Mock index [15] hierarchizes genotypes, initially, for each character, by assigning higher absolute values to those of better performance. The economic weights were arbitrarily defined by the breeder by attempt, and the proportion found to be ideal for the characters Yield, KP and LOD was of 5, 3, 3 respectively.
The Genotype-Ideotype Distance index (GIDI), non-parametric, is obtained from the adjusted phenotypic means and the Euclidean distances of each individual to an ideal genotype. The values of the ideotype are different for each trial, and the maximum or minimum value of each characteristic is defined as ideal. Also, the desirable minimum values for each characteristic were arbitrarily defined by the breeder (Yield = 4,000 kg.ha -1 , KP = 60.0% and LOD = 50.0%).
The economic weights defined were the same as those used for "rank sum", which are 5 for Yield and 3 for KP and LOD.
The GENES software [16] was used to perform the statistical analyses.
For each selection index in each trial the coincidence index was obtained (number of selected genotypes that coincide with CS divided by the total number of selected genotypes). The average coincidence indices were obtained, as the mean of the coincidence for each index and for each test.
The frequency at which each genotype was selected by each index was also obtained. From this frequency a frequency plot was generated.
Results and Discussion
The comparison of the selection gains between the selection indices was performed for each experimental environment and selecting 21 genotypes among the 69, that is, with a 30% selection intensity.
In the AMB1, CPAC 2012, the selection index that proportioned the highest selection gain (%) for the Yield character was the de- (Table 2) , the only that, despite selecting more productive genotypes, presented an increase in the level of LOD.
The indirect selection caused negative gains for Cycle, varying from -5% to -6% for all indices ( Table 2 ). These gains are considered to be desirable since they have led to the selection of earlier genotypes, which is an advantage in the irrigated production system of the savanna.
The heritability in broad sense was greater than 90% for all characters in AMB1, factor that favors the direct selection for each character ( As in AMB1, in AMB2 the PB index was the one that proportioned the highest gain for Yield, with 19.41%. The indices MM and IG presented SG of 13%, followed by the Elston index with 4.8%. For KP, the SG were satisfactory for the genotypes selected by the indices of Elston (18.0%), MM (13.6%), and IG (11.8%). On the other hand, the gain was negative for the PB index (-1.3%), which results in genotypes with smaller kernels and consequently lower extract content, which generates financial losses for the brewing industry.
As in AMB1, in AMB2 the Elston index (SG = -35.9%) was more interesting for LOD, but with gains close to those made possible by the MM (-31.0%) and IG (-28, 2%) indices. The genotypes selected by the PB index showed a 6.2% increase in LOD ( Table 2) .
Genotypes with high selection gains for LOD (at least -50.0%)
were selected through the selection indices, except when using the PB index (-11.8%). As in the other environments, the Elston index (-76.2%) was the one that presented the genotypes with highest gain for this character ( Table 2) .
Analyzing the other characteristics not used in the selection, the genotypes selected by all the indices showed an increase in relation to the average of the genotypes, varying from 1.8% to 3.8% for
Height and from 1.75% to 4.6% for TSW. For the Cycle character, there was no increase above 1% (Table 2 ).
In AMB4, SPM 2013, the selection gains were lower than the ones of the genotypes selected in AMB2, CPAC 2013, for all the selection indices for the characters Yield and KP. The PB index (12.6%), as well as in the other environments, was the one of highest gain for Yield. The low gains for KP in this environment are directly influenced by the lower value of heritability (74.9%) when compared to the other environments. The index with highest selection gain for KP was the IG, with 2.5% ( Table 1) .
For the character LOD in AMB4, the index of Elston (-71.2%), as well as in the other environment, selected the genotypes with highest SG. The MM and IG indices presented negative gains of -27.9%
and -22.6%, respectively. The PB index (-7.4%), in spite of having negative gain, which is expected, was of low magnitude.
The index that presented the most adequate selection gains according to the goals of the breeding program for this environment was MM, with more satisfactory selection gains for the three characters of interest.
The SG obtained for Yield in AMB5, SPM 2014, were of low magnitude and low amplitude among the indices, ranging from 4.9%
for Elston to 8.1% to PB. As well as in AMB3, CPAC 2014, the heritability was low (54.2%), which influenced selection gains below 10% ( Table 2 ). The OB index presented genotypes with decreases of 1% for KP, while the other indices presented an increase of at least 5%. Also, the MM index did not present increase or decrease of selection gain in relation to the LOD character. The other indices proportioned negative gains of at least 55%.
In a general analysis of the mean selection gains, the PB index showed the best results for the Yield character, with low selection efficiency of genotypes for KP and occasionally with loss in the selection in relations to lodging. Differently from the PB index, the Elston index obtained the best results for KP and LOD, but with less efficiency in the selection of genotypes for Yield.
The selection indices MM and IG were the ones that made possible the most adequate selection gains in relation to the characters of interest simultaneously ( Table 2 ). The selection gains were intermediate in comparison to the other indices; however, the three characters presented significant gains. These gains make these indices more interesting from the agronomic point of view and for purposes of enhancement in the use of genotype simultaneous selection.
Negative selection gains were obtained for days to heading (Cycle), and for the thousand seeds weight (TSW) ( Table 3 ). The TSW is a character that contributes for the increase of grain yield [17] , however, for the selected genotypes, the TSW didn't affect this character significantly. Table 2) .
Although the selection gains were not the greatest when compared to the selection indices, the selected genotypes presented higher stability in relation to the characters used in the selection.
This was because the CS was based on the five environments, reducing the environmental influence in the selection of the best genotypes. The table 4 presents the number of genotypes selected by the indices simultaneously in the different environments. It's evident the difficulty in obtaining a common number of genotypes that were selected in the five environments used, once only three genotypes were selected in the five environments.
Of the 21 CS genotypes, 18 were selected in at least three environments and 11 were selected in at least four environments.
Comparatively, the four selection indices used selected from 15 to 19 genotypes in at least three environments, totaling 28 different genotypes ( Table 4 ). to the values considered ideal for the production system of the irrigated savanna [18] ( Table 3 ). The means of Yield for the environments 4 and 5 (above 6,700 kg.ha-1) are considered very high, since it is the mean of 21 genotypes, and the mean yield in the state of Paraná (state with the highest yield) is around 4,000 kg.ha -1 [20] .
Combined Selection
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The level of LOD next to the acceptable limit (30%) occurred mainly due to the year of 2013, when the high level in the environments 2 and 4 contributed to the increment of the levels of this character in the mean of the genotypes.
The Combined Selection is the combination of the selection index of Mulamba and Mock with the Elston index. Therefore, genotypes with lodging higher than 30% and KP lower than 70% in 3 environments were discarded, making it possible to obtain high selection gains for these characters.
Coincidence index
Amb3 was the environment in which the highest coincidence occurred between CS and the selection of other indices, except the PB index. This was due to the high selection gains for KP and LOD that were possible to obtain in this environment, which is in line with the selection of PB that obtained high performance in the selection for Yield. Non-randomly, the Elston index presented a coincidence of 76%, given its efficiency for selection of genotypes for these characters (Table 5 ). Table 5 ).
Site\Selection Index Elston
The ideotype-genotype selection index (0.61) presented highest coincidence with the CS ( 
Conclusions
neous selection due to selection gains of satisfactory magnitude for the three characteristics of interest.
Based on the selection of genotypes for each index within the environments, it was more efficient to select the most stable materials, since they obtained a higher frequency of selection among the other indexes.
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